Introduction
============

Prenatal, perinatal and postnatal risk factors can result in intraventricular hemorrhage (IVH) as one of the most common forms of brain injury in infants. Prenatal risk factors include maternal genetic abnormalities, various medical conditions (e.g., gestational diabetes, herpes simplex), excessive alcohol consumption, smoking, etc. The most common perinatal risk factors are premature and obstructed labor, Apgar scores less than 7, perinatal asphyxia, and others. Postnatal risk factors include brain injuries, tumors, afebrile seizures, central nervous system infections, and others ([@r1]). The severity of IVH is usually classified by the system that was first reported by Papile *et al*., with grades ranging from I to IV ([@r2]).

Mostly found in preterm infants, IVH also appears in 3-5 percent of term newborns ([@r3]-[@r6]). Today, it is known that IVH can lead to delay in psychomotor development and reduction of motor repertoires, both in preterm and term neonates. These motor difficulties are often accompanied by difficulties in language, perception, thought, and others. Furthermore, they can affect academic and social functioning, as well as activities of daily living. Considering all of the above, early screening of newborns on maternity wards by a specialist in physical medicine and rehabilitation (physiatrist) specialized for children is very important as early interventions can enhance the individual's potential ([@r2], [@r7]-[@r10]).

For more than 30 years, it has been known that male sex is associated with an increased prevalence of IVH, as many researchers have shown this in preterm infants. Additionally, numerous studies have found that IVH grades III and IV are major predictors of adverse neurodevelopmental outcome. The latter is usually measured either by screening tests or test batteries. While there are many motor coordination test batteries, most of them are not very useful for screening due to time and cost ([@r9], [@r11]-[@r15]).

The most commonly used test for rough estimation of psychomotor development of infants and toddlers in Croatia was designed in 1976 by the psychologist Nevenka Čuturić. Recent research has shown that this test is not sensitive enough to detect mild neurodevelopmental delay. Thus, we used another test, psychomotor developmental test, which was designed in 2015 by a physiatrist specialized in child rehabilitation to assess both motor and other accompanying difficulties in toddlers ([@r7], [@r17]).

The aim of the current study was to examine the association between IVH grade, gender and neurodevelopmental outcome in toddlers born at term, as well as to present the psychometric properties of the psychomotor developmental test.

Subjects and Methods
====================

Participants
------------

This retrospective study was conducted from April 2016 to August 2017 as part of a larger research project entitled Evaluation of Differences in the Effectiveness of Neurodevelopmental Stimulation in Medical Unit and Infirmary. The project has been approved by the Hospital Ethics Committee.

Toddlers were recruited from the Department of Rheumatology, Physical Medicine and Rehabilitation, Sestre milosrdnice University Hospital Centre, Zagreb, Croatia. They were referred to the Department because of prenatal, perinatal and postnatal risk factors; hence, they were at risk of neurodevelopmental delay.

Comprehensive interdisciplinary developmental evaluation included assessments by a physiatrist specialized in child rehabilitation, physical therapist, psychologist, speech pathologist and special education teacher.

Demographic, perinatal and postnatal data were retrieved from medical records including details on delivery and brain ultrasound. All ultrasound images were collected in the first 72 hours after birth.

Inclusion criteria were children aged 13 to 24 months. Non-inclusive criteria were data missing, toddlers born preterm (less than 36 weeks), chromosome abnormalities, and other medical conditions that may affect development (e.g., microcephaly). Exclusion criteria were respiratory or other infections in the last two weeks.

A total of 166 children were included in final analysis. Control group consisted of 63 children with no IVH on ultrasound, while experimental group included 103 children with IVH grades I-IV.

Measurements
------------

Psychomotor development was assessed using the psychomotor development test ([Appendix 1](#app1){ref-type="app"}), developed in 2015 by the child physiatrist Matijević for children aged 13-24 months. It consists of two tests: test 1 (11 questions) examines motor development, while test 2 (10 questions) examines early development of communication, language and speech, spontaneous play and child socialization. Child physiatrists evaluate a toddler with rating 0 -- not present or 1 -- present on both tests.

The author proposed the following rating system: on test 1, 4 or less points indicate severe, 5 to 7 points moderate, and 8 or 9 points mild developmental delay, while 10 or more points denote normal development. On test 2, severe delay is scored 4 or less points, moderate delay 5 or 6 points, mild delay 7 or 8 points, and normal development 9 or 10 points. We evaluated this rating system whether it was sensitive enough to detect mild neurodevelopmental disorder.

The severity of IVH was graded according to the classification system developed by Papile *et al*., as follows: grade I IVH includes germinal matrix hemorrhage only, while grade II is IVH without ventricular dilatation. Severe IVH usually refers to grade III hemorrhage, i.e. the one that fills the ventricular system, and grade IV is IVH with parenchymal extension ([@r2]).

Statistical analysis
--------------------

Statistical analysis was performed with the use of SPSS 23.0. Means and standard deviations were calculated for continuous variables and frequencies for categorical variables. Student's t-test was used for comparison of two groups and χ^2^-test for categorical data.

To estimate the association between gender, IVH grade and neurodevelopmental outcome, we used ordinal logistic regression analysis. The receiver operating characteristic curve (ROC curve) was used to assess the sensitivity (true positive rate) and specificity (true negative rate) of our data. The level of statistical significance was set at p≤0.05.

Results
=======

Study results are shown in [Tables 1-5](#t1){ref-type="table"}[](#t2){ref-type="table"}[](#t3){ref-type="table"}[](#t4){ref-type="table"}[](#t5){ref-type="table"} and [Figures 1-2](#f1){ref-type="fig"}[](#f2){ref-type="fig"}.

###### Descriptive data and t-test for case patients (N=103) and control subjects (N=63)

                     Case patients   Control subjects                                            
  ------------------ --------------- ------------------ ------------- --------------- ---------- -------
  Male (N=51)        Female (N=52)   p                  Male (N=34)   Female (N=29)   p          
  Age (months)       17.27±3         18.12±3            0.188         17.62±3         18.03±3    0.629
  Birth weight (g)   3172±608        3276±632           0.397         3205±492        3203±444   0.986
  Week of birth      38.80±2         39.00±1            0.523         39.25±1         38.67±1    0.127

###### Distribution of psychomotor development test 1 and test 2 results in girls and boys and χ^2^-test for gender differences

           Case patients (N)     Control subjects (N)   Intraventricular hemorrhage                  
  -------- --------------------- ---------------------- ----------------------------- ---- ---- ---- ---
  0        1                     2                      3                             4              
  Male     51                    34                     34                            12   17   18   6
  Female   52                    29                     29                            20   18   6    6
           χ^2^=3.869; p=0.424                                                                       

###### χ^2^-test and distribution of psychomotor development test 1 and test 2 results

  Result               Test 1                  Test 2                                     
  -------------------- ----------------------- ----------------------- ------------------ ----------
  Case patients        Control subjects        Case patients           Control subjects   
  Normal development   27 (26%)                34 (54%)                43 (42%)           49 (78%)
  Mild delay           35 (34%)                13 (21%)                30 (29%)           12 (19%)
  Moderate delay       30 (29%)                12 (19%)                18 (17%)           1 (1.5%)
  Severe delay         11 (11%)                4 (6%)                  12 (12%)           1 (1.5%)
                       χ^2^=44.551; p\<0.001   χ^2^=91.610; p\<0.001                      

###### Ordinal logistic regression for gender and IVH grade versus neurodevelopmental outcome on psychomotor development tests

                Test 1   Test 2                 
  -------- ---- -------- ------------- -------- -------------
  n        OR   95% CI   OR            95% CI   
  Gender                                        
  Female   81   0.45     (0.01-1.04)   1.46     (0.67-2.24)
  Male     85   Ref                    Ref      
  IVH                                           
  0        63   3.15     (1.90-4.41)   3.63     (2.23-4.96)
  1        32   3.12     (1.78-4.45)   3.98     (2.41-5.55)
  2        35   2.03     (0.75-3.31)   2.76     (1.42-4.09)
  3        24   1.67     (0.33-3.02)   2.50     (1.10-3.89)
  4        12   Ref                    Ref      

IVH = intraventricular hemorrhage; OR = odds ratio; 95% CI = 95% confidence interval; Ref = reference

###### Neurodevelopmental outcomes on psychomotor development test according to IVH grade

        Test 1                  Test 2                                                                                                      
  ----- ----------------------- ------------------------ ---------------- -------------- -------------------- ------------ ---------------- --------------
        Normal development      Mild delay               Moderate delay   Severe delay   Normal development   Mild delay   Moderate delay   Severe delay
  IVH                                                                                                                                       
    0   34 (54%)                13 (21%)                 12 (19%)         4 (6%)         49 (77%)             12 (19%)     1 (2%)           1 (2%)
    1   15 (47%)                13 (41%)                 4 (12%)          0              24 (75%)             5 (16%)      2 (6%)           1 (3%)
    2   8 (23%)                 13 (37%)                 11 (31%)         3 (9%)         23 (65%)             6 (17%)      3 (9%)           3 (9%)
    3   4 (17%)                 7 (29%)                  10 (42%)         3 (12%)        12 (50%)             7 (29%)      4 (17%)          1 (4%)
    4   0                       2 (16%)                  5 (42%)          5 (42%)        1 (9%)               3 (25%)      4 (33%)          4 (33%)
        χ^2^=44.235; p\<0.001   ?χ^2^=50.639; p\<0.001                                                                                      

IVH = intraventricular hemorrhage
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Discussion
==========

The main goal of this study was to determine the association between gender, IVH grade and neurodevelopmental outcome in toddlers born at gestational age ≥36 weeks and to present the psychometric properties of screening by use of the psychomotor development test.

The groups of case patients and control subjects were matched by all relevant data, i.e. gender, age (at the time of test administration), week of birth and birth weight. Additionally, there was no statistically significant difference between boys and girls, or within the groups of case patients or control subjects.

Although male gender is associated with a greater risk of IVH grades III-IV and more boys than girls in our sample had severe IVH, the difference was not statistically significant. One of the possible explanations is that our subjects were not recruited based on their birth weight, as in many other studies. Furthermore, our sample consisted of toddlers that were born at term while most studies that found difference between males and females were conducted in preterm children ([@r13]-[@r16], [@r18]).

More than 50% of control subjects without IVH had normal development on test 1 and more than 75% had no delays on test 2. These results were similar to those recorded in the group with grade I IVH. Most of the children with grade II IVH had mild or moderate delay on test 1 and normal development on test 2. Children with grades III and IV hemorrhage had higher rates of moderate and severe delay on test 1. On the other hand, 50% of the infants with grade III hemorrhage were evaluated as having normal development on test 2. Considering that more than two-thirds of our subjects, both control and case, were estimated as having normal development on test 2, the possible ceiling effect should be taken in consideration ([@r19]).

Psychometric properties of the psychomotor development test mostly were very good. To estimate internal consistency of the reliability of our tests, we calculated Cronbach's alpha coefficients and they were very good ([@r20]), 0.824 for test 1 and 0.803 for test 2. To check the stability of the test, we conducted test-retest reliability on 45 children. All the children were retested in 3-6 months after first administration. Correlation between initial and repeated testing was strong both for test 1 (r=0.769; p\<0.001) and test 2 (r=0.752; p\<0.001), yielding appropriate stability ([@r21]).

The results of our study suggested that neurodevelopmental outcome was similar in control subjects and case patients with grade I IVH (χ^2^=2.251; p=0.522), therefore, we merged them into one group. This is consistent with some other studies on premature infants that also showed that absence of IVH and grade 1 hemorrhage had comparable outcome ([@r22]). In order to examine the sensitivity and specificity of the psychomotor development test, we performed ROC curve analysis of both tests. The area under the curve (AUC) was slightly above 0.7 in both tests, suggesting that there is more than 70% chance that psychomotor development test will be able to distinguish between children with normal development and children with developmental delay ([@r23]).

Conclusion
==========

Intraventricular hemorrhage may occur in term infants and carries a risk of adverse neurodevelopmental delay. Suspicion of IVH should include not only premature infants, but also infants born at term that have risk factors for neurodevelopmental delay. In many cases, early intervention can minimize delay in motor and other accompanying difficulties (e.g., language, perception). Therefore, we emphasize the importance of screening for general movements immediately at maternity wards by a specialist in physical medicine and rehabilitation.

  Test 1                                    Test 2
  ----------------------------------------- ------------------------------------------------------------
  1\) Proper walking kinematics             1\) Knows his name
  2\) Proper posture in standing position   2\) Exploring the environment
  3\) Walking backwards                     3\) Know functions of several objects
  4\) Walking up the stairs                 4\) Imitates activities
  5\) Kicking the ball with their feet      5\) Understands basic/simple instructions
  6\) Climbing on the furniture             6\) On request points the pictures in the book
  7\) Bending to reach the toy              7\) Pronounces 5 and more words with meaning
  8\) Taking off (clothes) socks, cap/hat   8\) Plays by himself
  9\) Turning pages in the book             9\) On request points the parts of body (head, nose, ear)
  10\) Building tower from 3 to 4 cubes     10\) Looking forward to be accompanied with other children
  11\) Scribbles with pen                   
